The aim of this study was to assess whether the pulse pressures (PPs) in people of African and South Asian descent differ from those of the European-origin White (henceforth, White) in the UK. A systematic literature review was carried out using MEDLINE 1966 -2006 and EMBASE 1980 -2006 . The meta-analysis was performed using Cochrane review manager software (RevMan version 4.2; Oxford, UK). Thirteen studies were examined. Results for African descent men (n ¼ 9 studies) and women (n ¼ 7) indicated that African men and women had a higher mean PP than their White counterparts. Overall weighted mean difference (WMD) 
Introduction
Minority ethnic groups of South Asian descent (Indians, Pakistanis and Bangladeshi) in the UK have elevated risk of coronary heart disease (CHD), stroke and end-stage renal failure as compared with European-origin White people 1 (henceforth, White as per Bhopal's glossary 2 ). People of African descent also have a comparatively high risk of stroke and end-stage renal failure, whereas CHD is less common. 1 High blood pressure (BP) is a major risk factor for cardiovascular disease (CVD). As a result, several studies have compared ethnic differences in BP using systolic and diastolic BP in the UK. 3, 4 The recent systematic review by Agyemang and Bhopal 3 in the UK found that overall BP levels in South Asian descent populations are similar to White people. However, there was great heterogeneity within the South Asian groups, with Indians having similar BP, Pakistanis having slightly lower BP and Bangladeshis having much lower BP compared with their White counterparts. 3 Young people of African descent had a similar BP with White people, whereas the older group had a higher BP compared with White people. 4 The similarities in BP among African and White younger age groups in the UK are in contrast to the higher BP levels reported among African Americans at all ages in the USA. 5 The reasons for these differences are incompletely understood. In addition, the higher levels of CHD and stroke among Bangladeshi people 1 are in contrast to the lower BP levels reported among this group in the UK. 3 Several studies [6] [7] [8] [9] indicate that pulse pressure (PP) (the difference between systolic and diastolic BP) is an important independent predictor of CVD. PP, which is an indicator of large artery stiffness, is a consistent predictor of a worse prognosis in middleaged and older people, hypertensive subjects, survivors of myocardial infarction and patients with left ventricular dysfunction. [6] [7] [8] [9] The rise in PP in middle-aged and elderly subjects is primarily due to an increase in large artery stiffness and an associated increase in wave reflection amplitude. 10 Several studies, 7, 11 although not all, 9 indicate that PP is a better predictor of CVD than systolic and diastolic BP. An analysis of the Framingham cohort, for example, showed that PP was a better predictor of the incidence of coronary artery disease than systolic or diastolic BP. 7 A recent review by Paultre and Mosca 11 showed that in people with isolated systolic hypertension, PP is a better predictor of fatal stroke than systolic and diastolic BP.
Although several studies have compared ethnic differences in systolic and diastolic BP in the UK, 3, 4 very little is known about ethnic differences in PP. Given the difficulty in explaining ethnic differences in CVD, it is imperative to establish whether PP plays a role in ethnic differences in CVD. We assessed whether PPs in people of African and South Asian descent differ from those with the White people in the UK. We assessed only the UK studies because of our previous findings on systolic and diastolic BP among these ethnic groups in the UK, which have shown that there is little such research in Europe, and that the situation in the USA is somewhat different. 3, 4 Materials and methods
Search strategy and inclusion criteria
By means of MEDLINE, EMBASE and Google Scholar searches we identified papers published from 1978-2006. Medical Subject Heading and keywords included 'Asians', 'South Asians', 'Caribbean and Asian', 'Indians', 'Pakistanis', 'Bangladeshis', 'Africans', 'African Caribbean', 'West Africans', 'Black', 'racial stock' and 'ethnic minority groups', and were combined with PP, BP and hypertension. Personal files were checked and reference lists in the papers were examined. Studies were included if they met the following predefined criteria: (a) reporting of age adjusted PP or systolic and diastolic BP data on samples of African descent or South Asian descent adults in the community in comparison with a White people or general population in the UK; (b) reporting of standard deviations, standard errors or 95% confidence intervals (CI) for the mean systolic and diastolic BP. This information was necessary for additional quantitative analyses; (c) separate reports for men and women. All studies based on clinically selected patients or children were excluded.
Study selection and data extraction
Eighteen potential studies were identified. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] In four of these, mean BP levels were not adjusted for age, [12] [13] [14] [15] and one study based on the health Survey for England (the availability of data from two Health Surveys for England made this study unnecessary) did not provide information on standard deviations nor 95% CI to enable quantitative analyses. 15 One study did not provide information on BP values. 16 As a result, they were excluded. Nine studies provided data on African descent populations, [18] [19] [20] 22, 24, [26] [27] [28] [29] and 12 provided data on South Asian descent populations. [17] [18] [19] [20] [21] [22] [23] [25] [26] [27] [28] [29] Three authors provided age-adjusted mean PP. [27] [28] [29] For others, we calculated mean PP by subtracting diastolic BP from systolic BP.
We hypothesized that, if PP is truly in excess, or truly in deficit, it should differ in absolute and relative terms in relation to the comparison population. We expressed PP relative to diastolic BP to assess this. For example, on the BP of 120/80 mm Hg, the PP is about 50% of the diastolic pressure. If this relationship was retained at other levels of diastolic pressure, then at a diastolic of 100 mm Hg, we would expect the PP to be 50 mm Hg, and the systolic pressure to be 150 mm Hg. The PP would be high in absolute, but not in relative terms. In contrast, if PP remained unchanged in absolute terms, when diastolic pressure was 60 mm Hg, the systolic would be 100 mm Hg, and the PP would be 66% of diastolic BP. As diastolic BP rose, PP expressed in this would be diminished, for example, if diastolic pressure is 120 mm Hg and systolic 160 mm Hg, PP as a percentage is only 33%. In our analysis we give primacy to actual PP, and then evaluate the findings in the light of a relative measure of PP, that is PP/diastolic BP. To compare actual and relative PP on the same scale, we created ratios (i.e. PP in the ethnic minority comparison population divided by PP in the standard population; and similar ratios for PP expressed as a percentage of diastolic BP. We then plotted the relationship between these two ratios on a scatter plot (X axis for ratio of absolute PPs, Y axis for ratio of relative PPs)). If the values for the two ratios are equal, then the point would lie along the diagonal line. If the ratio of absolute PPs is higher than the ratio of relative PPs, then the point would lie below the diagonal line. If the ratio of absolute PPs is lower than the ratio of relative PPs, then the point would lie above the diagonal line.
We used Cochrane review manager software (RevMan version 4.2; The Cochrane Collaboration, Oxford, UK) for additional quantitative analyses. The weighted mean difference (WMD) in each study was pooled using the random effect model as a conservative approach, because of expected differences in study methods across studies. The weighted mean PP differences between the ethnic groups were assessed using the Z-test, and P-values o0.05 were considered statistically significant. Wilcoxon matched-pairs tests were used to test the differences between relative PP and absolute PP in each ethnic group (SPSS version 12). Table 1 shows the contextual details of the included studies. Except for one study from Scotland, 23 all the studies were carried out in England. Two studies that were based on the Health Survey for England had the most representative samples of the ethnic groups. 27, 29 Two studies reported cross-sectional data from a cohort design, 25 ,27 the rest were crosssectional surveys. Name analysis, 20, 21, [23] [24] [25] selfreported origin, 25, 27, 29 country of birth, 17, 18 parental origin 19, 24, 25 and observer classifications 26, 28 were used as markers of ethnicity. The age range varied. Only three studies reported mean age values. 25, 26, 28 Response rates varied widely, ranging from 58 21 to 85%. 29 Five studies provided data on height. [23] [24] [25] 27, 29 Indian, Pakistani and Bangladeshi men and women were shorter than their White counterparts in all the studies. All the studies reported higher body mass index (BMI) in African descent women than in White women. Bangladeshi men and women had a lower BMI compared with their White counterparts.
Results
17,25,27,29 Table 2 shows setting, measurement technique and mean PP by ethnic group. In seven studies, BP was measured with a Hawksley random zero sphygmomanometer, [17] [18] [19] [20] 22, 26, 28 in one with a mercury sphygmomanometer, 25 four with electronic devices 21, 24, 27, 29 and one study did not give such information. 22 
PP in African descent population
Nine studies provided data on African descent men. [18] [19] [20] 22, 24, [26] [27] [28] [29] With one exception, 26 all the studies showed slightly higher mean PP in African descent men than in White men, the difference being statistically significant in three studies. 20, 28, 29 The pooled data are shown in Figure 1 . The WMD was 1.68 mm Hg (95% CI: 0.38, 2.98; P ¼ 0.01), significantly higher in African descent men than in White men. Seven studies provided data on African descent women. 19, 22, 24, [26] [27] [28] [29] Except for one, 19 all studies showed higher mean PP levels in African descent women than in White women, the differences being statistically significant in three studies. 22, 24, 28 The WMD was 2.01 mm Hg (95% CI: 0.39, 3.63; Po0.0003) higher in African descent than in White women. In some studies, the higher mean PP did not translate into higher percentages of PP relative to DBP. 19, 22, 24 In Chaturvedi et al's 22 study, for example, African-Caribbean women had a significantly higher mean PP than White women, but the percentages of PP relative to DBP were similar among the two ethnic groups. The ethnic differences in relative PPs were consistently larger than those in absolute PPs (Figure 6a ). The Wilcoxon test showed significant differences between the two methods (Po0.001) in both men and women.
PP in South Asian descent populations
Twelve studies included South Asian descent populations.
17-21,23-29
South Asian combined. Six studies provided data only on South Asian men combined 20, 21, 23, 24, 26, 28 and four on South Asian women combined. 20, 23, 24, 26 Bhopal et al. 25 also provided additional data on South Asian men, and women combined. Among the seven studies on men, four studies showed significantly lower mean PP in South Asian men, 21, 23, 25, 26 whereas the rest found no significant differences between the groups. The overall WMD was À2.15 mm Hg (95% CI: À3.84, À0.47; P ¼ 0.01), significantly lower in South Asian men than in White men ( Figure 2 ). In Bhopal et al 25 study, South Asian men had a significantly lower mean PP but had a slightly higher percentage PP relative to DBP compared with White men. Among South Asian women, two studies showed a significantly lower, 23, 25 one showed a significantly higher 20 and two showed no significant differences in PP 24, 26 between the two groups. The WMD (À0.4 mm Hg (95% CI: À3.22, 2.39; P ¼ 0.77)) did not differ significantly between the two groups. In general, the mean PP differences between the South Asian women and White women were consistent with the differences in percentage PP relative to DBP. Figure 6b shows close correspondence between relative and absolute PP. The Wilcoxon showed no significant differences in relation to the comparable White population.
Indian
Five studies reported on Indian men, 18, 19, 25, 27, 29 and four reported on Indian women. 19, 25, 27, 29 Two studies showed significantly lower, 27, 29 and one showed a significantly higher PP 19 in Indian men than in White men. Two showed no differences between the groups. 18, 25 The WMD did not differ significantly between Indian men and White men; the WMD was À0.76 mm Hg (95% CI: À3.88, 2.36; P ¼ 0.63) ( Figure 3 ). Of the four studies on Indian women, two showed a significantly lower 27, 29 and two showed nonsignificantly higher mean PP in Indian women than in White women. 19, 25 The WMD was À0.80 mm Hg (95% CI À3.03, 1.43; P ¼ 0.48). These PP differences between Indian and White people were consistent with the differences in percentage PP relative to DBP in both men and women. Figure 6b shows close correspondence between relative and absolute PP. The Wilcoxon showed no significant differences in relation to the comparable population.
Pakistani
Three studies provided data on Pakistani men 25, 27, 29 and all showed a significantly lower mean PP in Pakistani men than in White men; the WMD was À3.33 mm Hg (95% CI À5.67, À1.00; Po0.001) (Figure 4 ). All three studies on Pakistani women also showed a lower mean PP in Pakistani women than in White women, the differences being statistically significant in two studies. 25 White men. Figure 6b shows close correspondence between relative and absolute PP. The Wilcoxon showed no significant differences in relation to the comparable population.
Bangladeshi
Four studies provided data on Bangladeshi men 17, 25, 27, 29 and all showed a significantly lower mean PP in Bangladeshi men than in White men. The WMD was -5.61 mm Hg (95% CI: À6.87, À4.36; Po0.00001) ( Figure 5 ). All the four studies on Bangladeshi women also showed a lower mean PP in Bangladeshi women than in White women, the differences being statistically significant in three studies. 17, 25, 27 The WMD was À5.21 mm Hg (95% CI: À8.67, À1.75; P ¼ 0.003). In Bhopal et al's 25 study, although Bangladeshi men had a lower mean PP, the percentage PP relative to DBP was slightly higher compared with White men (Table 2 ). Figure 6b shows close correspondence between relative and absolute PP. The Wilcoxon showed no significant differences in relation to the comparable population despite the significantly lower actual PP.
Discussion

Key findings
Our findings show that, overall, mean PP is higher in African descent people in both men and women
Comparison:
03 Indian Outcome:
01 Pulse pressure Figure 3 Indian people compared with White people.
Comparison: 04 Pakistani Outcome:
01 Pulse pressure The potential value of examining relative and actual differences in PP is self-evident, but we have not been able to find any other papers using this approach. As such, our work seems to be conceptually novel. As we hypothesized above, if PP in a population is truly higher or lower than that in a comparison population, then it should differ in both absolute and relative terms from the comparison population. This was the case for the African, Indian and Pakistani women, but not for the other groups.
Limitations of the review studies Some limitations of the data within this study should be acknowledged. Variations in study methods, such as differences in BP measurement techniques, ethnic classifications and response rates, preclude easy comparisons between studies. For example, four studies provided data only on South Asian subgroups combined. 20, 23, 24, 26 African-Caribbean and West Africans were combined as one ethnic group in some studies. 22, 24 The studies span about 19 years, which may potentially affect the comparability and interpretability of the results. In addition, studies did not formally adjust for con- 
Discussion of key findings
An explanation for ethnic differences in cardiovascular morbidity and mortality is difficult especially for differences in hypertension-related complications. For example, the higher prevalence of hypertension in African descent population is clearly reflected in the higher prevalence of stroke but not in the prevalence of CHD. In addition, although prevalence of hypertension is comparatively high in African descent populations in the western hemisphere, the differences in hypertension-related complications are not entirely explained by differences in systolic and diastolic BP levels. 5 This clearly indicates that other measures may be important. 30 The Hypertension Detection and Follow-up Program reported that all-cause mortality increased by 11% per 10-mm Hg increment in PP compared with 8 and 5% for similar increases in systolic and diastolic BP, respectively. 31 Blacher et al. 32 also reported that an increase of 10 mm Hg in PP increased the risk of major cardiovascular complications, with the increase in risk ranging from nearly 13% for all coronary end points to 20% for cardiovascular mortality.
In our previous review, 4 both systolic and diastolic BP levels were higher among African descent populations than their White counterparts. The higher PP found among African descent populations in this study is consistent with the higher PP reported among African Americans in the USA. [33] [34] [35] The WMD in PP was more pronounced in women than in men of African descent in this study. The higher BMI in African descent women may partly contribute to their higher PP. 36 As the relative PP had little difference between the ethnic groups, this would support the viewpoint that actual PP is the important factor clinically. The high PP levels in African descent populations may contribute to the higher hypertension related complications reported among these populations.
The lower PP found among Pakistani and Bangladeshi people (fairly consistently for both absolute and relative indicators) is unexpected given the higher CHD and stroke mortality reported among these groups in the UK. 1 In this study, however, Bangladeshi men and women had, respectively, nearly 6 and 5 mm Hg lower mean PPs than their White counterparts. Yet studies showed that among Bangladeshi-born men living in the UK, the standardized mortality ratio for stroke is two to three times the population average, with less marked but important excesses in Bangladeshi-born women. 1, 37 These findings clearly indicate that PP is unlikely to contribute to the excess cardiovascular mortality reported among South Asian populations especially among Bangladeshi and Pakistani populations in the UK. The lower PP found among Bangladeshi and Pakistani people is also consistent with the lower systolic and diastolic found among these groups in the UK. 3 These findings might indicate that the mechanism for cardiovascular disease might differ between different ethnic groups and suggest that other lines of investigation are needed to explain the higher CVD mortality reported among these groups. 38 The heterogeneity between South Asian descent and African populations has long been emphasized but, with few exceptions, ignored. 2, 39, 40 The differences observed between Indian people on the one hand and Bangladeshi and Pakistani people on the other clearly indicate the importance of studying South Asian groups separately rather than combining them. Indian population is also a heterogeneous group. The same is likely to apply to African-origin subgroups. Moreover, the variation between individual groups may be a possible explanation for the significant heterogeneity in PP results found among combined studies on South Asians in this analysis.
In sum, African descent men and women have a higher PP than their White counterparts that may contribute to their higher cardiovascular morbidity and mortality in the UK. The lower PP in Bangladeshi and Pakistani people is, however, in contrast to
What is known about this topic: K CVD is more prevalent in South Asian and African descent populations than in Whites in the UK.
their higher cardiovascular mortality in the UK. More work on this topic is needed in which the heterogeneity within South Asian 39 and African descent populations 40 is recognized.
